Characterization of the Walker A motif of MsbA using site-directed spin labeling electron paramagnetic resonance spectroscopy.
MsbA is an ABC transporter that transports lipid A across the inner membrane of Gram-negative bacteria such as Escherichia coli. Without functional MsbA present, bacterial cells accumulate a toxic amount of lipid A within their inner membranes. A crystal structure of MsbA was recently obtained that provides an excellent starting point for functional dynamics studies in membranes [Chang and Roth (2001) Science 293, 1793-1800]. Although a structure of MsbA is now available, several functionally important motifs common to ABC transporters are unresolved in the crystal structure. The Walker A domain, one of the ABC transporter consensus motifs that is directly involved in ATP binding, is located within a large unresolved region of the MsbA ATPase domain. Site-directed spin labeling (SDSL) electron paramagnetic resonance (EPR) spectroscopy is a powerful technique for characterizing local areas within a large protein structure in addition to detecting and following changes in local structure due to dynamic interactions. MsbA reconstituted into lipid membranes has been evaluated by EPR spectroscopy, and it has been determined that the Walker A domain forms an alpha-helical structure, which is consistent with the structure of this motif observed in other crystallized ABC transporters. In addition, the interaction of the Walker A residues with ATP before, during, and after hydrolysis was followed using SDSL EPR spectroscopy in order to identify the residues directly involved in substrate binding and hydrolysis.